Characterizations of stored electron beams and more recently positron beams circulating in the Advanced Photon Source (APS) 7-GeV storage ring have been done using optical synchrotron radiation (OSR) and x-ray synchrotron radiation (XSR) imaging techniques. Results include the measurement of the bunch length and horizontal beam size versus single-bunch current for both electron and positron beams, observations of multibunch bunch length effects near 100 mA stored beam current, and initial diagnostics of a coupled-bunch instability with 15-minute period. Both the Hamamatsu C5680 dual-sweep streak camera using OSR and a pinhole camera using XSR from a bending magnet source point were utilized. Proposed enhancements to the beamline will also be presented.
INTRODUCTION
The transition of the Advanced Photon Source (APS) 7-GeV storage ring from the commissioning phase with electrons to the operations phase with positrons [l] has been supported by the use of time-resolved imaging techniques based on synchrotron radiation. Characterizations of the stored beams' bunch length and transverse size have been done using both optical synchrotron radiation (OSR) and x-ray synchrotron radiation (XSR) from a bending magnet (BM) source point. As part of the program to evaluate the impedance of the ring, single-bunch studies of these parameters as a function of single-bunch current have been performed. Bunch lengthening effects have been observed to be more significant than energy spread growth with an increase in current. These results have been compared to predictions of a potential well distortion (PWD) model and a microwave instability calculation, and the data are found to be more consistent with the PWD calculations [2] . Additionally, apparent coupled-bunch instabilities have been diagnosed via the increase in observed horizontal beam size at this dispersive point in the lattice as well as a separate bunch length measurement. The techniques will be briefly described followed by examples of results.
,

EXPERIMENTAL BACKGROUND
As described elsewhere [3], the APS storage ring diagnostics include a bending magnet source dedicated to beam characterizations. The source point at about the oneeighth length of the dipole also is at a dispersive point in the lattice which allows access to the energy spread of the beam. Both optical synchrotron radiation (OSR) and XSR-based techniques are used. Initially, a split, watercooled pickoff mirror was used to direct the OSR out of a window and into an optical transport while allowing the high power, lower-divergence x-ray beam to pass on to an in-air pinhole aperture. At present the front-end vacuum transport line includes a mask that separates the BM radiation into three pieces. One part continues to an in-vacuum 4-jaw aperture that acts as the pinhole aperture, and a second part strikes a single mirror that is shadowed from xrays by a horizontally on-axis, cylindrical rod.
The x-ray images are converted to visible light at a CdWO, converter and viewed by a Questar telemicroscope with a charge-coupled-device (CCD) camera. The visible, OSR is transported out of the tunnel to an optics lab whch has a C5680 dual-sweep streak camera for bunch length measurements.
EXAMPLES OF EXPERIMENTAL RESULTS
Transverse Beam Size
Measurements of the transverse beam size have been done within machine studies periods and the routine observation plans for beam quality with 100-mA stored beam. The observed beam sizes have been consistent with the baseline design of 8.2 nm-rad natural emittance and better than the 10% vertical coupling design in almost all instances of user runs. In Fig. 1 an example of the x-ray pinhole image in a recent run is shown. The values of the total observed size, C S~T = 160 pm and C S~T = 90 pm, are In the fall of 1996, a different fill pattern was employed involving four trains of 12-bunches positioned at 90" intervals around the ring. Each 12-bunch set was initially filled to 25 mA (-2 mA/bunch) average current. An unanticipated phenomenon occurred as exhibited by the significant increase in horizontal beam size. This was observed to have about a 15-min period which persisted from 100 mA down to 60 mA early on a user run. Figure 2 shows the plot of horizontal size (FWHM) measured in pixels or channels of the video processing system. The normal value of -12 ch at 28 pmkh corresponds to Ax = 336 pm (FWHM) or 143 pm (6). The maximum of the size increase is almost twice as large as the baseline value. There was very little change in the vertical size. Since this source point is at a dispersive point in the lattice, a longitudinal instability effect was likely involved. The 15-min time scales were traced to oscillations of the rf cavity temperatures as the cooling water regulator valves opened and closed. As shown in Fig. 3 , the S37 cavity temperatures display a less than I-degree oscillation at the 15 min period. EPICS [4] allowed the tracking of the temperature process variable and the beam size process variable together. Since it was determined that the instability was worse at the cavity temperature minima, the set points for the rf cavity temperatures were raised, and the instability was suppressed. Further details on the rf side are given by Harkay et al. [51. 
Longitudinal Phase-Space Effects
Previously, we reported measurements in singlebunch studies which involved lower rf gap voltages and synchrotron frequencies [2] . A more extensive set of data were obtained in June 1996 with electrons that addressed both the observed horizontal beam size at the energy dispersive source point and the longitudinal bunch profile and duration. Figure 4 shows the beam size and bunch length versus single-bunch currents up to 18 mA on the upper half and lower half of the figure, respectively. The bunch length (triangles) clearly more than doubles and could be fit to the I 1'3 dependence. The horizontal beam size (circles), and hence the effective energy spread, does not show any significant increase up to 12 mA, but there does seem to be some increase after that. These combined effects are consistent with calculations done using the potential well distortion (PWD) model rather than the predicted 2 1/2 times energy spread increase from a microwave instabilitybased scenario [2] . It is also noted that the peak current attained was about 400 A. Subsequently, bunch length measurements have been taken for stored positron beams up to 7.5 mA. These data show a similar bunch current dependency as the electron beam data.
An additional phenomena was observed in multibunch mode in dual-sweep streak images taken near 100 mA, the baseline stored beam current. At 101 mA the observed bunch lengths were almost 190 ps (FWHM) (Fig. 5 ) versus 70 ps (FWHM) shortly thereafter when the current was 99 mA. This appears to be an alternative measurement of the signature of a coupled-bunch instability which was related to the rf cavity higher-order modes (HOMs) at that time. These particular data were taken during our first attainment of 100 mA on January 12, 1996 and are likely related to the complementary type measurement shown in Fig. 2. 
SUMMARY
In summary, we have used the time-resolved imaging techniques to monitor the APS storage-ring beams under a variety of conditions. The transverse beam size measurements are now on-line and archived in data loggers with EPICS tools. Additionally, longitudinal effects as revealed in energy spread or bunch length have also been tracked.
These techniques are now being complemented by a diagnostics undulator which can directly address beam divergence [6] . 
